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Regulacija produkcije labdanskih diterpena u kulturi in vitro Cistus creticus L. i 
analiza njihove biološke aktivnosti 
 
REZIME 
 
Cistus creticus L. je višegodišnja, žbunasta biljka koja nastanjuje suva i topla 
područja Mediterana. Smolu ove vrste lokalno stanovništvo Krita sakuplja od davnina 
zbog izraženih aromatičnih i lekovitih svojstava. Dominantna biološki aktivna 
komponenta smole i izdanaka ove biljke su labdanski diterpeni, dok je koren biljke još 
uvek nepoznatog sastava. U cilju iznalaženja optimalnih uslova za produkciju 
labdanskih diterpena predmet istraživanja ove disertacije bio je ispitivanje regulacije 
produkcije labdanskih diterpena u biljkama C. creticus gajenim in vitro pod uticajem 
različitih abiotičkih faktora i hranljivih podloga sa varirajućim sadržajem različitih 
šećera. Uspešno je uspostavljena in vitro kultura biljaka C. creticus na MS medijumu 
bez fitohormona, pri čemu parametri rastenja i razvića eksplantata nisu pokazali 
značajne razlike između ispitivanih klonova. Optimalne koncentracije ugljenih hidrata 
za rastenje i razviće biljaka C. creticus u uslovima in vitro su od 0,03 M do 0,1 M 
saharoze i glukoze. Histohemijskim analizama listova izdanaka gajenih in vitro je 
utvrđeno da kapitatne glandularne trihome tipa II C. creticus predstavljaju mesto 
akumulacije labdanskih diterpena i fenolnih jedinjenja. Genetička transformacija C. 
creticus je izvršena pomoću Agrobacterium rhizogenes A4M70GUS, pri čemu je 
uspostavljena kultura transformisanih korenova.  
Fitohemijska karakterizacija biljaka C. creticus gajenih in vitro, omogućila je 
identifikaciju i kvantifikaciju glavnih grupa sekundarnih metabolita (terpena i fenolnih 
jedinjenja) koji se u ovim uslovima produkuju. Labdanski diterpeni su dominantna 
jedinjenja u izdancima biljaka C. creticus gajenim in vitro, a među njima su 
najzastupljeniji labd-7,13-dien-15-ol i labd-7,13-dien-15-ol acetat. Od isparljivih 
sekundarnih metabolita najzastupljeniji su monoterpeni i seskviterpeni. U 
dihlormetanskim ekstraktima eksudata kapitatnih trihoma tipa II najzastupljenije 
jedinjenje je labd-7,13-dien-15-ol acetat. U korenovima C. creticus potvrđeno je 
prisustvo fenolnih jedinjenja i masnih kiselina, dok labdanski diterpeni nisu detektovani. 
Analiza sadržaja fenolnih jedinjenja ukazala je da su u etanolnim ekstraktima izadanaka 
i korenova prisutna fenolna jedinjenja kao što su hininska kiselina, galokatehin i 
katehin.  
Nivo ekspresije odabranih gena koji učestvuju u MEP i MVA biosintetskom 
putu se povećavao nakon povrede biljaka gajenih in vitro, ali u ovom periodu nije 
zabeležena promena u relativnoj količini labdanskih diterpena. Tokom procesa 
dehidratacije uočeno je značajno smanjenje nivoa ekspresije gena koji su uključeni u 
MEP i MVA biosintetski put, dok se u procesu rehidratacije nivo ekspresije vratio na 
kontrolni nivo. Tokom procesa dehidratacije/rehidratacije u uslovima in vitro nisu 
uočene promene u relativnoj količini labdanskih diterpena. Trend povećanja relativnog 
sadržaja labdanskih diterpena je uočen u izdancima gajenim na medijumu sa 0,1 M 
saharozom ili 0,1 M glukozom. Uzimajući u obzir i parametre rastenja i razvića 
optimalna podloga u smislu najbolje produkcije labadnskih diterpena je MS podloga sa 
dodatkom 0,1 M glukoze. 
Analizirana je biološka aktivnost etanolnih ekstrakata izdanaka, transformisanih 
i netransformisanih korenova dobijenih u kulturi in vitro. Antioksidativni potencijal 
ekstrakata izdanaka i korenova je bio zadovoljavajući i u skladu sa količinom ukupnih 
fenola i flavonoida u njima. Etanolni ekstrakti izdanaka i korenova C. creticus su 
pokazali značajnu antimikrobnu aktivnost prema osam vrsta bakterija i sedam vrsta 
gljiva, a aktivnost potiče od labdanskih diterpena i fenolnih jedinjenja. Etanolni 
ekstrakti izdanaka C. creticus su pokazali citotoksičnu aktivnost prema HeLa ćelijama 
kancera cerviksa, kao i prema ćelijama kancera dojke (MDA-MB-453) i melanoma 
(FemX). Pokazana citotoksična aktivnost može se pripisati labdanskim diterpenima 
prisutnim u ekstraktu izdanaka. 
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Regulation of labdane diterpenes production in Cistus creticus L. in vitro culture 
and analysis of their biological activity 
 
ABSTRACT 
 
Cistus creticus L. is a perennial, bushy plant that inhabits mainly dry and warm 
areas of the Mediterranean. The resin of this species has been actively collected by the 
local inhabitants of Crete since ancient times due to its aromatic and medicinal 
properties. The predominant bioactive component of the resin and the shoots of this 
plant are labdane diterpenes, while the chemical composition of the roots is still 
unknown. In order to find the optimal conditions for the labdane diterpenes production, 
the subject of this thesis was to investigate the regulation of labdane-type diterpenes 
production in in vitro grown plants of C. creticus, as influenced by various abiotic 
factors and growth media with varying content of different carbohydrates. In vitro 
culture of C. creticus was successfully established on hormone-free MS medium, and 
the parameters of growth and development of explants showed no significant 
differences among analyzed clones. Optimal concentrations of carbohydrates for in vitro 
growth and development of C. creticus ranged from 0.03 M to 0.1 M sucrose or 
glucose. Genetic transformation of C. creticus was performed with Agrobacterium 
rhizogenes A4M70GUS and the culture of transformed roots was established. 
Regeneration of transformed plants was unsuccessful. Histochemical analysis of the 
leaves from in vitro cultured C. creticus shoots showed that labdane diterpenes and 
phenolic compounds accumulate in the type II capitate glandular trichomes. 
Phytochemical characterization of in vitro grown C. creticus has enabled the 
identification and quantification of two major groups of secondary metabolites (terpenes 
and phenols), which are produced under these conditions. Predominant compounds 
accumulating in shoots of C. creticus grown in vitro were labdane diterpenes, the most 
abundant among them being labd-7,13-diene-15-ol and labd-7,13-dien-15-ol acetate. 
Amongst the volatile secondary metabolites, the most abundant were monoterpenes and 
sesquiterpenes. Labd-7,13-dien-15-ol acetate was the most abundant compound in 
dichloromethane extracts of type II capitate trichomes exudates. In the roots of C. 
creticus, the presence of the phenolic compounds and fatty acids was determined, 
whereas labdane diterpenes were not detected. Analysis of the phenolic compounds 
content in the ethanol extracts of shoots and roots indicated presence of compounds 
such as quinic acid, gallocatechin, and catechin. 
Expression levels of selected genes involved in the MEP and MVA biosynthetic 
pathway increased after wounding of in vitro grown plants, but there was no change in 
the relative amount of labdane diterpenes. During the dehydration process, a significant 
reduction in the expression levels of genes involved in the MEP and MVA biosynthetic 
pathway was observed, whereas in the process of rehydration their expression returned 
to control levels. During in vitro process of dehydration/rehydration, no change in the 
relative amount of labdane diterpene was observed. An increasing trend of labdane-type 
diterpenes relative content was observed in shoots cultured on medium containing 0.1 
M sucrose or 0.1 M glucose. Considering the optimal growth parameters, the best 
medium for labdane diterpene production was MS medium supplemented with 0.1 M 
glucose. 
Biological activity of ethanol extracts of shoots, transformed and non-
transformed roots obtained from in vitro culture was analyzed. Antioxidant potential of 
shoot and root extracts was satisfactory and in accordance with the amount of phenolics 
and flavonoids. Ethanol extracts of shoots and roots of C creticus exhibited significant 
antimicrobial activity against eight bacterial species and seven fungal species, and this 
activity originated from labdane diterpenes and phenolics. Ethanol extracts of C. 
creticus shoots also exhibited cytotoxic activity against HeLa (cervix), MDA-MB-453 
(breast) and FemX (melanoma) cancer cells. Demonstrated cytotoxic activity can be 
attributed to the labdane diterpenes present in the shoot extract. 
 
Keywords: Cistus creticus L., labdane diterpenes, in vitro culture, phenolic compounds, 
MVA and MEP biosynthetic pathway, antioxidant activity, antimicrobial activity, 
cytotoxic activity 
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2,4-D - 2,4-dihlorofenoksisirćetna kiselina 
ABA - abscisinska kiselina 
BAP - 6 -benzilaminopurin  
cDNK - komplementarni lanac DNK  
CLS - kopal-8-ol difosfat sintaza 
CMK - 4-citidin 5’- difosfo-2-C-metil-D-eritrol kinaza 
CPP - kopalil difosfat 
CPS - kopalil difosfat sintaza 
CTAB - heksadecil-3-metil-amonijum-bromid (eng. cetyltrimethylammonium bromide) 
DEPC - dietil dikarbonat (eng. diethylpyrocarbonate) 
diTPS - diterpenske sintaze 
DMAPP - dimetilalil difosfat 
DMSO - dimetil sulfoksid 
DNK - dezoksirubonukleinska kiselina 
DPPH - 1,1-difenil-2-pikrilhidrazil 
DXR - 1-deoksi-D-ksiluloza 5-fosfat reduktoizomeraza 
DXS - 1-deoksi-D-ksiluloza 5-fosfat sintaza 
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FPP - farnezil difosfat 
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PEP - fosfoenolpiruvat 
qPCR - kvantitativni PCR 
RNK - ribonukleinska kiselina 
ROS - reaktivne vrste kiseonika 
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RWC - relativni sadržaj vode 
SEM - skenirajuća elektronska mikroskopija  
SnRK1 - protein kinaza srodna SNF-1 
SRB - sulforodamin B 
T-DNK - deo plazmidne DNK koji se integriše u biljni genom (eng. transferred DNA) 
TDZ - tidiazuron, 1-fenil-3-tidiazol-5-urea 
TPS - terpenske sintaze 
UH - ugljeni hidrati 
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